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Abstract

The Innovative Technology Summary Report (ITSR), “TRUEX/SREX
Demonstration”, claims a potential $2-B cost savings due to the use of TRUEX/SREX for
the disposal of Idaho Falls HLW.  A study was conducted and is reported here to provide
an independent review of the cost savings reported in the ITSR.  It was concluded by way
of this independent review that:

(1) TRUEX plus SREX used in conjunction with cesium removal, versus
precipitation or freeze crystallization, does have the potential to save $1-B to $2-
B with a moderate degree of confidence.

(2) TRUEX plus SREX used in conjunction with cesium removal, versus direct
immobilization of the existing HLW without separations, does have the potential
to save ~$2-B with a high degree of confidence.

All of the above mentioned technologies (i.e. TRUEX, SREX, cesium removal,
precipitation and freeze crystallization) have or will require a significant level of
development prior to deployment.  Consequently, the “no separations with direct
immobilization” can be considered a reasonable baseline.



Introduction

The TRUEX/SREX technologies of interest are actually a suite of three technologies
used in series to remove TRUs, strontium, and cesium from the liquid and calcine HLW.
The TRUs are removed with the TRUEX solvent extraction process, strontium with the
SREX solvent extraction process, and cesium with an ion exchange (IX) resin such as
ammonium molybdophosphate (AMP).  Removal of these radionuclides converts most of
the HLW to a LLW resulting in less expensive disposal; and consequently, all three
technologies must be used to achieve the cost savings.

The precipitation process of interest involves neutralization of the acidic waste
(existing calcine will be dissolved) by way of hydroxide which forms metal oxides that
precipitate.  It is reported that this process should preferentially precipitate poly-valent
metal ions and leave mono-valent metal ions such as sodium, potassium, and cesium in
solution.  This process would then require at least one additional step to remove the
cesium; however, this would require treating an alkaline solution rather than acidic as is
done with TRUEX/SREX/AMP.  Alkaline IX resins such as crystalline silico-titanate
(CST) are being developed for potential use at Hanford and Savannah River.

Freeze crystallization involves reducing the acidic solution temperature (existing
calcine will be dissolved), and hence solubility of the metal nitrate salts (assuming nitric
acid is used to dissolve the calcine).  The metals at greatest concentration tend to
precipitate first, with those at the least concentration remaining in solution.  Typically the
radionuclides are at far less concentration than species such as sodium, potassium,
aluminum, and zirconium.  This process is estimated to achieve a separation efficiency of
65% which is considered adequate for the existing liquid tank waste, but would probably
not justify dissolution of the calcine without additional separation processes.

Since all of the previously mentioned separation processes have, or will require,
significant development before deployment for Idaho Falls specific waste, the obvious
alternative to separations is clacination of remaining liquid waste for interim
immobilization followed by direct vitrification for permanent immobilization.



Analysis

The basis for the TRUEX/SREX/IX cost savings reported in the ITSR was a
comprehensive systems engineering effort, “ICPP Radioactive Liquid and Calcine Waste
Technologies Evaluation Final Report and Recommendation” performed at the Idaho
Falls site in the early 1990s.  The objective of this validation effort was not to evaluate
their systems engineering methodology, but rather verify that the ITSR conclusions do
actually correspond with those of the Systems Engineering effort, and compare cost
savings from other sites using similar technologies.  An example of the latter is to
compare the cost of cesium separation and HLW glass reported in the Hanford EIS with
that of the Idaho Falls Systems Engineering study.

The Idaho Falls Systems Engineering study describes a range of remediation
possibilities for the liquid and calcine HLW, which ranges from direct permanent
immobilization for disposal without separations, to separation of the majority of
radionuclides with TRUEX/SREX/IX, or precipitation/IX, or freeze-
crystallization/precipitation/IX.  These scenarios are shown in Exhibit 1, where scenario
#10 was selected as the system engineering baseline and includes the TRUEX/SREX/IX
separations.  An alternative for comparison which involves direct final immobilization of
the waste without separations is scenario #14.  Precipitation with additional cesium
removal is defined by scenario #5.  Freeze crystallization followed by precipitation with
cesium removal is defined by scenario # 1.  Scenarios #1, #5, #10, and #14 are used for
the cost comparison of the TRUEX/SREX ITSR as shown Exhibit 2.

As shown in Exhibit 3, the life-cycle costs for disposal of HLW with
TRUEX/SREX/IX (scenario #10) are equal to ~$2.1-B, while those for direct
immobilization without separations (scenario #14) are equal to ~$3.5-B.  This yields a
cost savings with the use of TRUEX/SREX/IX of ~$1.4-B.  The life-cycle costs for
disposal of HLW with precipitation/IX (scenario #5) are equal to ~$3.4-B, and those for
freeze-crystallization/precipitation/IX (scenario #1) are equal to ~$4.4-B.

TRUEX/SREX/
IX

Precipitation/
IX

Crystallization/
Precipitation/IX

Direct
Immobilization

$2.1-B $3.4-B $4.4-B $3.5-B

Table 1.  Disposal costs from systems engineering study

As shown in Exhibit 4, the volume of final immobilized HLW with
TRUEX/SREX/IX (scenario #10) separations is ~800 m3, and that without separations
(scenario #14) is ~5000 m3.  This results in an 84% volume reduction for final
immobilized HLW due to the use of TRUEX/SREX/IX.  An 84% volume reduction is
reasonable considering the high separation efficiency of these operations as shown by
Exhibit 5 and Exhibit 6.  Decontamination factors (Dfs) for radionuclides versus non-



radionuclides is excellent for the TRUEX process as shown by Exhibit 5, and excellent
for AMP IX resin as shown by Exhibit 6 for acid dissolved sludge and acidified supernate
which are similar to the liquid and proposed acid dissolved calcine at Idaho Falls.  The
SREX Dfs derived from the ITSR and shown in Exhibit 4, are marginal at best for
potassium and zirconium.  However,.  However; the HLW at Idaho Falls averages only
~1 wt% potassium and HLW glass is robust for potassium allowing up to 20 wt%
potassium plus sodium, and a recent study by Wood in 1997 (see Exhibit 7) indicates
SREX should not have a problem with zirconium

Cost estimates for remediation of HLW at the Hanford site can be used to aid in the
validation of the Idaho Falls Systems Engineering effort.  The estimated Hanford HLW
glass based on the original TWRS flow sheet (Orme) was 9300 m3 as defined by stream
#35 of Exhibit 8.  The capital plus operating costs for HLW immobilization and HLW
disposal at Hanford, based on the TWRS EIS (Slaathaug) were respectively $2.9-B and
$5.9-B as defined by Exhibit 9.  The volumetric cost for HLW immobilization and
disposal at Hanford can be estimated as follows.
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If the cost for HLW immobilization and disposal at Hanford is applied to the HLW
volumetric savings at Idaho Falls due to the use of TRUEX/SREX/IX, a cost savings of
~$4-B is realized.
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A similar effort for LLW finds an increased cost at Idaho Falls due to the use of
TRUEX/SREX/IX of ~$0.1B.  Additionally, the cesium separation facility with
infrastructure at Hanford was estimated as ~$1.2-B per the TWRS EIS.  While the Idaho
Falls treatment would include TRUs and strontium in addition to cesium, the amount of
liquid waste processed at Hanford has about six times the activity of that processed at
Idaho Falls (see Exhibit 10).  Taking both of these opposing facts into consideration, an
estimate of ~$1-B for capital and operating expenses for TRUEX/SREX/IX is reasonable.
Therefore, using the cost numbers from the Hanford EIS leads to an Idaho Falls cost
savings due to the use of TRUEX/SREX/IX of ~$3-B.

+$4B(HLW) - $0.1B(LLW) – $1B(separation facility) ~ $3-B

The Hanford based estimate for TRUEX/SREX/IX use at Idaho Falls (~$3-B) is
within a factor of two of the Idaho Falls Systems Engineering effort (~$1.4-B).  This
should be considered a validation of the cost savings reported in the ITSR, and does
support rounding-off of the $1.4-B estimate from the systems engineering effort to $2-B
for one significant digit as reported in the ITSR.  However, the Idaho Falls Systems
Engineering estimate should be considered more accurate than the Hanford based
estimate, so as not to claim a $3-B cost savings.
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Exhibit 1.  Figure 1 from page 9 of the Systems Engineering study, INEL-94/0119



Exhibit 2.  Table 6 from page 12 of TRUEX/SREX ITSR, DOE/EM-0419



Exhibit 3.  Figure 4 from page 18 of the Systems Engineering study,
INEL-94/0119



Exhibit 4.  Figure 9 from page 23 of the Systems Engineering study,
INEL-94/0119



Exhibit 5.  Table 4 from page 9 of TRUEX/SREX ITSR, DOE/EM-0419



Exhibit 6.  Ammonium Molybdophosphate (AMP-PAN) Kds
from page 66 of Marsh, LA-12654



Exhibit 7.  SREX conclusions from page 35 of Wood, INEEL/EXT-97-00831



Exhibit 8.  Figure 2-3 from page 22 of Orme, WHC-SD-WM-TI-613



Exhibit 9.  Table F-36 from page F-93 of Slaathaug, WHC-SD-WM-EV-104



Exhibit 10.  Figure 2.2 from page 69 of the Integrated Data Base Report,
DOE/RW-0006, Rev. 12


